Polyester/Cotton blended fabrics are normally dyed by two-bath or one-bath two-step dyeing method. This paper deals with a new approach involving azeotropic ternary mixture of organic solvents pretreatment to dye polyester/cotton blends using disperse and reactive dyes in one-bath method. The effect of solvent pretreatments on dyeability, fastness, and few physicochemical properties has been investigated involving SEM, FTIR, DSC, and XRD studies, and results are presented.
Introduction
Commercially polyester/cotton blended fabrics are dyed by two-bath or one-bath two-step dyeing method employing suitable dyes and chemicals for each fiber [1] .
Two bath dyeing methods are relatively long and complicated. The one-bath two-step dyeing procedure is shorter as compared to two-bath method, but the drawbacks are lower dyeability and poor reproducibility [2] [3] [4] . Dyeing of cotton by conventional reactive dyes is carried out under alkaline conditions at 80 • C, but this is entirely different condition from that of polyester dyeing, which is carried out at acidic conditions over 120 • C by using dispersed dyes. Many research works have been carried out to dye polyester/cotton blends in one-bath dyeing method using conventional dispersed dyes and newly developed reactive dyes which can be dyed at acidic or neutral conditions around 100-130 • C and are added simultaneously to the same bath [5] [6] [7] [8] .
Youssef et al. [9] have developed a dyeing method for polyester/cotton blend fabrics using sodium edetate as an alkaline buffering agent. Selected mono-and bifunctional reactive dyes were used in combination with the alkali stable disperse dyes for dyeing of polyester/cotton blend. One-bath method for dyeing of polyester/cotton blends with reactive disperse dyes using supercritical carbon dioxide as a solvent at 393 K and 20 MPa was successfully investigated by Shingo et al. [10] . A very recent research work reported by Najafi et al. [11] discussed the process of dyeing polyester/cotton fabrics using disperse/reactive dyestuff in one-bath dyeing process after coating the fabric with chitin biopolymer and then dyed with sulphato ethyl sulphonyl disperse/reactive dyes. Reports are available on the use of single solvent assisted dyeing of polyester and polyester/cotton blends [12] [13] [14] . Dystar Textilfarben GMBH & Co. has patented dyeing of polyester/cotton blends fabrics with disperse and reactive dyes in a one-bath process in alkaline medium using disperse dyes which are stable in alkaline medium [15] .
The present work was undertaken to establish a new method for dyeing polyester/cotton blends by pretreating the fibre blend using nonaqueous azeotropic solvent mixture to get improved dyeing results. The term Azeotrope (Greek) means "to boil unchanged", that is, the vapour boiling from a liquid has the same composition as the liquid. The composition of the ternary mixtures was fixed by referring to azeotropic data published by Ryland [16] and Lecat [17] . The polyester/cotton blend of 80 : 20 composition was treated 2 with two different azeotropic solvent mixtures for various durations and their physical, structural, chemical, and dyeing behavior was analyzed.
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Experimental
Materials, Dyes, and Chemicals. 80 : 20 polyester/cotton fabric (80 : 20 PCF):
A plain woven polyester/cotton fabric of the following specification was used.
(i) Types of yarn-filament.
(ii) Ends per inch-146.
(iii) Picks per inch-82.
Dyes.
The following four disperse dyes (Scheme 1) were used for dyeing the polyester component of the blend as supplied by the manufacturer (Parishi Chemicals, Surat, India) without further purification.
The following four reactive dyes (Scheme 2) were used for dyeing the cotton component of the blend as supplied by the manufacturer (Ridhi Sidhi Trading Co., Mumbai, India) without further purification.
Chemicals.
The details of Azeotropic mixtures of organic solvents used are shown in Table 1 . Commercially available anionic wetting agent, dispersing agent, Glauber's salt, sodium bicarbonate (to maintain the pH between 10 and 11), and borax as buffering agent were used in the dyebath. Ladipur MCL was used for reduction clearing of the fabric after dying. All chemicals used were Fischer-LR Grade.
Apparatus.
Padding mangle was used to squeeze the pretreated fabric to aid the penetration of solvent mixture into the interior of the fibre samples. Dyeing was performed using the Rota-dyer bath (Rota dyer 18 × 100-N machine, R.B. Electronics & Engineering Pvt. Ltd., Mumbai-53, India). (Table 1) were used as pretreater. The pretreatments were carried out at room temperature for various time intervals, namely, 2, 4, 6, 8, 10, 20, and 30 minutes. The pretreated fabrics were then squeezed in the padding mangle and then air dried for removal of residual solvent mixture. Then, the fabrics were subjected to dyeing. The pretreated samples were introduced into the abovesaid dye bath and kept under these conditions for 10 minutes. Then, calculated amount of dye solution and chemicals were added into the dye bath and then required temperature was reached by increasing the bath temperature at a rate of 2 • C/min. Dyeings were carried out for the above-mentioned durations. After the completion of the dyeing time, the temperature was brought down to room temperature gradually, then the dyed fabrics were taken out and washed with water. The fabrics after dyeing and washings were reduction cleared by using commercially available reduction clearing agent, Ladipur MCL (Clariant Chemicals, India). Then, it was washed with water at room temperature and then dried in a hot air oven.
Pretreatments. The above-said azeotropic mixtures
Measurement of Dye
Uptake. The amount of dye pickup of polyester/cotton fabrics during dyeing was determined spectrophotometrically using spectrophotometer (Labomedmodel spectro 23 RS, USA).
Test for Colour Fastness.
The untreated and solventpretreated 80 : 20 PCFs after dyeing were tested for their wash fastness, light fastness and rub fastness using AATCC test methods (AATCC technical manual 2000). The washing fastness, was evaluated by AATCC method 61(2A) using an Atlas-Launder Ometer. Fastness to light was evaluated by AATCC method 16E using an Atlas CI 3000 + Xenon Weatherometer. The fastness to rubbing was also evaluated as per AATCC 116-1995 standards using crock meter.
Determination of Weight
Loss. The weight loss percentage of the treated fabrics was determined by measuring the weights before and after pretreatments using an electronic balance Sartorius-GD 503-Germany.
Abrasion
Resistance. The abrasion resistance of the fabric samples after and before solvent treatment was measured by Martindale abrasion tester as per ASTM D4966 test method.
SEM Topography.
Scanning electron microscopic studies were made on treated and untreated samples with S-3000H-Hitachi, Japan to study surface modifications if any caused by the solvent pretreatments using azeotropic mixtures. The samples were imaged with a magnification of 500x for better understanding of the inner core of the sample.
FTIR Analysis.
Fourier Transform infrared spectral analysis of the treated and untreated fabrics was recorded in the range of 4000-400 cm −1 using Perkin Elmer spectrometer (spectrum BX, USA) with built-in spectral matching computerized software. The fabric samples were made into individual fibers and were mounted onto the instrument for recording the spectrum.
Thermal
Analysis. Thermal analysis of the untreated and solvent-mixture-pretreated 80 : 20 PCF was made using Perkin Elmer Pyris 6, USA at a temperature range of −50 to 400 • C with a heating rate of 50 • C/min under inert atmosphere of nitrogen gas at a rate of 20 mL/min [18] .
2.9. X-ray Diffraction Studies. X-Ray diffraction studies using PANalytival-mode X'Pert PRO was carried out for both untreated and solvent-treated 80 : 20 PCFs for determining the crystalline and amorphous region of both treated and untreated samples. The samples were analyzed by observing number of counts as a function of scattering angle (2θ).
Results and Discussions
Dyeing Behavior of Fabric.
The effect of azeotropic mixture of solvent pretreatments on the dyeing behavior of 80 : 20 PCF was studied by dyeing the pretreated and untreated fabrics for different dyeing time intervals (30, 45 , and 60 minutes) and at different temperatures (80, 95, and 110 • C). The dye uptake results are presented in the Figures 1, 2, 3, 4, 5, 6, 7, and 8. It is clear from the figures that maximum dye uptake is observed in the case of samples pretreated for 8 minutes with the solvent systems Ac-EA-Cf and Ac-MAc-nH. As the pretreatment time increases, the dye uptake is found to increase with increase in dyeing temperature and duration of dyeing. The dye uptake for the samples treated beyond 8 min was found decreasing. The change in dyeing behavior of the treated fabrics reflects changes in fibre structure of the treated fabrics caused by azeotropic mixtures of solvents. Due to solvent pretreatment, the molecular structure of the fabrics gets loosened, resulting in increased dye uptake. The improvement in the dye uptake of treated samples is probably due to the large increase in inter surface by swelling or plasticizing action, greater segmental mobility of polymer molecules, formation of micro voids, and so on [19] [20] [21] .
The pretreatment enabled to get better dye uptake even at a low temperature of 80 • C, and in the cases where the pretreatment time is above 8 minutes, the dye uptake is found to decrease which may be due to the desorption of dye from the fabric due to irreversible swelling of the fibre. The extent of improvement in dyeing behavior was found to be different for different dyes. 
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have slightly improved the fastness properties of the dyed polyester/cotton blended fabrics. This may be due to the fact that the solvent pretreatments have improved the penetration of the dyestuff molecules into the interior of the fiber matrix and have improved the stability of dye-fiber bond.
Weight Loss and Abrasion
Resistance Measurements. Table 5 shows the changes in weight and abrasion resistance of the solvent pretreated fabrics in comparison with untreated fabrics. It was found that the weight loss is very small and is dependent upon the pretreatment time. As the pretreatment time increases, there was an increase in weight loss. The abrasion resistance measurements of the treated materials show that there was a slight increase in abrasion resistance. The extent of increase in abrasion resistance was found to increase with increase in treatment duration due to increased pitting of fiber surface. However, the overall effect of solvent pretreatment has not caused any detrimental effect.
Tearing Strength Measurements.
Tearing strength measurement of untreated and azeotropic solvent-mixturepretreated samples showed that there is significant improvement in the tearing strength of the treated materials. In all the cases, the maximum load applied has been found to increase and the elongation percentage remains almost constant. The above changes may be due to very less influence of the solvent treatment on crystallinity index. The mechanical properties of textile fibers depend not only on the degree of crystallinity of fibers but also on the various secondary valence forces that operate in the polymer. The improvement in the strength of treated materials can be attributed to improvement in the structural order of the polymer matrix and generation of more number of crystallites, leading to improvement in the resistance power to deform the material with higher interchain bond. These observations are strengthened by the XRD and DSC results as well. The present observations are in conformity with the reports available on the effect of solvent pretreatment on polymers where, in the solvents, it does not penetrate the compact crystalline region in the polymer and therefore do not affect the strength of the polymer material [22] [23] [24] .
Scanning Electron Microscopy Studies.
Scanning electron-micrographs of untreated and solvent-pretreated 80 : 20 PCF are presented in Figures 9, 10 , and 11. The untreated samples exhibit smooth surface texture. In the treated samples, it appears that the solvent mixture attacked almost the entire surface of the fiber compared to untreated samples. As the duration of pretreatment increased, there was progress in attack and erosion propagates inside the fiber resulting in the formation of elongated pits or cavities on the surface. This is also supported by the fact that the dye uptake of solvent pretreated fabric materials has improved because of development of voids. The observed results resemble those of earlier reports available in the literature [13, 25] .
3.6. FTIR Studies. The FTIR spectrum of 80 : 20 PCF before and after solvent treatment is shown in Figures 12 and 13 .
FTIR was recorded to assess structural change if any made in the fiber of the alteration of existing functional groups as a consequence of azeotropic solvent mixture pretreatments. It was found, from the spectra, that the patterns are almost identical for both treated and untreated samples without any additional peaks. However, on comparing the samples treated with the two different azeotropic solvent mixtures, Ac-EA-Cf caused a slight shift in the position of the peak to a higher wave number than that treated with Ac-MAc-nH due to its higher polarity index. The extent of shift was found to be dependent on solvent pretreatment time. A broad peak at 1730 cm −1 is characteristic of carbonyl stretching of α-β unsaturated ester. In the case of solvent treated fiber, the width of the peak had reduced and the peak value has been shifted to higher wave number, that is, 1750 cm −1 . A small peak in the region between 800 and 850 cm −1 can be accounted for out-of-plane bending of aromatic ring system. The peak at 1250 cm −1 and 1300 cm −1 may be due to C-O stretching of the polymer back bone. An intense peak at 2350-2360 cm −1 can be attributed to methylene C-H stretching. The small peak close to 3000 cm −1 can be correlated to C-H stretching of aromatic ring. An interesting feature in the above-discussed spectrum was that an additional sharp small peak observed at around 3600 cm −1 corresponds to free -OH groups of cellulose component indicating that solvent treatment had increased the extent of amorphous region in the cotton component of the material. This trend was further been supported by the results of strength measurements and SEM studies. The observed small peaks between the regions 1110-1150 cm −1 were due to cellulosic component of the fiber materials [26, 27] .
Thermal
Studies. DSC curves of 80 : 20 PCF treated with azeotropic solvents mixtures and untreated samples are shown in Figures 14 and 15 . In each case, the starting temperature and peak melting temperature (Table 6 ) are noted. The final melting temperature corresponds to the melting of the most stable crystallite whereas the peak melting temperature is taken as the temperature at the maximum of melting endotherm [28] . The starting temperature is the starting of the melting endotherm and can be regarded as the melting of the smallest crystallite in the sample. The DSC thermograms of solvent pretreated samples obtained are found to be almost identical with that of untreated samples with small changes in terms of starting temperature, peak temperature, and melting temperature. However, maximum heat flow has increased considerably for solvent pretreated samples due to solvent-induced crystallization. During the interaction of the polymer with the solvent, the solvent enters into the amorphous region of polymer structure, weakens polymer-polymer interaction, replaces it with polymersolvent interaction, induces extensive segmental motion, and lowers the effective glass transition temperature of material. The polymer chains rearrange themselves into a lower free energy state. This induces crystallization even in the swollen state. The interaction of solvent with the polymer may be of two types, namely, intercrystalline interaction and intracrystalline interaction. In the case of intercrystalline interaction, the solvent penetrates inside the amorphous region only. The polymer chains within this region are under lower stress, and this generally results in the rearrangement of molecular chains [29, 30] . In this case, crystallization takes place in the swollen state and crystalline areas of the sample increase. On the other hand, in the case of intracrystalline interaction, the interacting solvent penetrates inside the crystalline region, decrystallizes the sample, and affects higher lateral order parts of the fiber. In the present study, the interaction of solvent with the fiber material is found to be intercrystalline interaction. This is evident from the considerable increase in the melting heat for solventtreated samples due to solvent-induced crystallization. It is further supported by the observed small increase in starting temperature, peak temperature, and melting temperature of the treated samples.
3.8. XRD Studies of 80 : 20 PCF. X-ray diffraction studies on a polymer are mainly concerned, with study of crystalline, amorphous, and semicrystalline regions/phases, which are responsible for observing their respective electrical and mechanical properties. X-ray diffraction pattern of most polymers contains sharp as well as broad and diffuse peak. The sharp peak corresponds to crystalline regions; the diffuse and the broad ones refer to amorphous region [31] [32] [33] [34] .
The interaction of solvent with polymer results in recrystallization and decrystallization of the corresponding polymer contents. XRD patterns were recorded for the untreated and pretreated 80 : 20 PCF to evaluate the effect of pretreatments and are presented in Figures 16 and 17 . The results from XRD reveals that the solvent treatment disturbs the amorphous region of the fabric material used in the present study, probably creates more cavity and pores resulting in the opening up of the structured assembly enhancing more dye uptake when compared with the untreated [35] . Increase in pretreatment duration causes much pronounced effect on the treated materials, which leads to improved dye uptake. The above observation is supported by the weight loss and tearing strength measurements wherein no much loss in weight and strength was observed.
Conclusion
The effect of azeotropic mixture of solvent pretreatments on the dyeing behavior of 80 : 20 PCF was studied. As the pretreatment time increased, the dye uptake was found to increase. The slight improvement in the fastness properties of the pretreated fabrics revealed that the treatment has not affected the dye-fibre bond and the improvement in fastness is due to improved dye pickup and dye-fibre bond formation. The abrasion resistance measurements of the treated materials show that there was a small increase in abrasion resistance of solvent pretreated samples up to 6 minutes pretreatment time. Prolonged solvent pretreatments led to decrease in abrasion resistance when treated for more than 6 minutes. As the time of pretreatment increased, the weight loss of the fabric was also found to increase. SEM studies showed that the azeotropic solvent mixtures attacked the entire surface of the fabric materials and caused erosion. As the time of solvent treatment increased, erosion propagated into the fibre structure resulting in the formation of elongated pits or cavities on the surface. FTIR analysis of treated and untreated fabrics showed that there was no structural change or introduction of any functional groups or alteration of the existing groups in the case of solvent-treated materials used in the study. It is also concluded from the XRD and DSC analysis that the solvent treatment has disturbed the crystalline distribution probably by creating more cavity and pores resulting in opening up of the structured assembly. The improvement in the dye uptake of solvent-treated fabrics is due to large increase in intersurface area by swelling and greater segmental mobility of polymer molecules.
